Purpose: To evaluate the influence of age, gender, mandibular bone height, previous experience with prostheses, and methods for denture fabrication on masticatory performance of complete denture (CD) wearers. Materials and Methods: For this study, 29 individuals treated with CDs fabricated by simplified or conventional methods had their masticatory performance assessed 4 weeks after the prostheses' adjustment and control, using the sieve method and almonds as a natural food test. Experimental variables related to age, gender, and previous use of complete dentures were collected from dental records. Panoramic digital radiographs were used to determine mandibular bone height according to the criteria described by the American College of Prosthodontists. Data on masticatory performance were assessed using t-test for independent samples to make comparison between simplified and conventional methods, and a multiple linear regression analysis was performed to evaluate the influence of age, gender, previous experience with CDs, and mandibular bone height on masticatory performance using SPSS software with a significance level of 5%. Results: There was no significant influence regarding the method for CD fabrication (p = 0.92), age (p = 0.36), mandibular bone height (p = 0.37), and previous experience with prostheses (p = 0.15) on masticatory performance of CD wearers. Female patients presented lower masticatory performance than male (p = 0.04) patients did. Conclusions: Considering the limitations of this study, it was concluded that gender might be considered a risk factor for masticatory performance of CD wearers. Female patients demonstrated reduced masticatory performance in comparison to male patients. Mastication, which aims to break food into discrete portions by chewing to make it easier to swallow, is the first step of the digestive process.
Mastication, which aims to break food into discrete portions by chewing to make it easier to swallow, is the first step of the digestive process. 1 In this process, smaller food particles swallowed lead to greater absorption of nutrients, which are essential for health maintenance, especially in elderly patients. 2 Masticatory function has been evaluated in previous studies by measuring the size of natural or artificial food particles after a standard number of masticatory cycles. 1, 3 Previous studies evaluating masticatory function by means of objective methods (e.g., chewed food sieving) verified that the number of remaining teeth, 4, 5 occlusal support, 6 and maximum bite force 7 were directly related to masticatory performance.
Among the factors positively correlated with masticatory performance, the number of remaining teeth requires special attention, since it affects sensory and motor aspects of the masticatory process. 8 Together with tooth loss, a decrease in mechanoreceptors has been reported. 8 Periodontal mechanoreceptors are neural receptors involved in activation and coordination of masticatory muscles. 8 Therefore, the lack of sensorial feedback and the consequent muscular atrophy after tooth loss impaired masticatory performance. 9 To compensate for the reduced masticatory ability, edentulous individuals tend to opt for softer foods that are easier to chew, but more caloric and poor in nutrients. 10 These factors associated with changes inherent in aging, such as decreased muscle strength, often result in nutritional deficits in elderly edentulous individuals. [11] [12] [13] This has resulted in a higher incidence of gastrointestinal disorders and malnutrition among this group. [14] [15] [16] In this context, oral rehabilitation of edentulous patients became imperative. 17 Although oral rehabilitation of edentulous patients has been revolutionized by the introduction of osseointegrated implants, 18 uncontrolled systemic conditions associated with aging, psychological factors, and high costs have been the main barriers to this treatment. Therefore, complete dentures (CD) are still the main option available for prosthetic treatment to rehabilitate most edentulous patients. 19 In addition to improvement in esthetics and phonetics, [20] [21] [22] chewing ability was directly related to the full satisfaction of patients with prostheses and consequently is relevant for the overall success of complete oral rehabilitations with dentures. 23 Although oral rehabilitation of edentulous patients with CDs has been shown to improve their masticatory performance, 24 the ability of denture wearers to break test food down was poor when compared to individuals with natural dentitions. 25 On average CD wearers needed four times the number of chewing strokes than dentate persons to achieve the same degree of food pulverization. 25 In this context, comprehension of how technical factors related to prostheses 26 (i.e., method used for CD fabrication and previous experience with CDs), sociodemographics (i.e., age and gender), and/or anatomic features (i.e., mandibular bone height) associated with patients can affect masticatory performance is essential to improve the quality of life of edentulous patients treated with CDs 27 and needs further investigation. 25 Patients who present risk factors related to reduced levels of masticatory performance might need nutritional guidance combined with prosthetic treatment to improve their nutritional status. 28 This study aimed to evaluate the influence of age, gender, radiographic mandibular bone height, previous experience with prostheses and methods for denture fabrication on masticatory performance of CD wearers. The null hypothesis of this study was that none of these factors would influence the masticatory performance of CD wearers.
Materials and methods

Study population, inclusion and exclusion criteria
This article reports part of the results from a randomized clinical trial (RCT) with two parallel arms, which compared a simplified protocol for CD fabrication to a conventional method. This trial protocol was approved by the institutional ethics committee under the registered number (CAAE) 53463916.4.0000.5142 and published in ensaiosclinicos.gov.br (identifier UTN: U1111-1188-6917).
Trial participants were edentulous patients who requested treatment at the Prosthodontic Clinic of the Department of Restorative Dentistry, Dental School, Federal University of Alfenas, Brazil from February 2016 to April 2017. The following inclusion criteria were applied: edentulism in maxillary and mandibular arches for at least 1 year; receptive and mentally agile based on their ability to read and respond to a written questionnaire in Portuguese; the need to return for recall appointments or follow-up visits; and satisfactory overall health, assessed via anamnesis reports. The exclusion criteria were as follows: any movement limitations that might interfere with the chewing test; symptoms of temporomandibular disorders and need for pre-prosthetic surgery (e.g., hyperplastic tissues or bone exostoses), assessed by a professor in prosthodontics at the clinical examination session. After clinical examinations, of 38 individuals evaluated, nine did not meet the inclusion criteria and were excluded from this study. Twenty-nine individuals were invited to participate in this clinical trial. Each signed an informed consent form prior to enrollment.
Interventions and randomization
Edentulous participants (12 women, 17 men; mean age: 67.1 ± 6.6 years) were randomly allocated into two groups and received new CDs fabricated according to a simplified (SM, n = 14) or conventional method (CM, n = 15). Differences between the tested interventions involved the impression technique, use of a facebow and denture try-ins. The randomization into different groups was determined using computer-generated numbers (BioEstat; Universidade Federal do Pará, Belém, Brazil), which was the responsibility of a single researcher. Each participant initially received a number, and later those numbers were drawn randomly for each of the evaluated groups.
Assessment of mandibular bone height from panoramic digital radiographs
All panoramic digital radiographs were obtained using EAGLE X-ray apparatus (Dabi Atlante, Ribeirão Preto, Brazil) with a magnification factor of 20% and saved in the TIFF format. Afterwards, radiographic images were exported to Radioimp software (Radio Memory; Belo Horizonte, Brazil), in which calibrations related to magnification and resolution rates were performed prior to measurements. The operator was calibrated with a professional oral radiologist using 10% of the radiographs to measure bone height at the portion of the mandible of the lowest vertical height. The examiner then measured mandibular bone height for all patients.
Later, mandibular edentulous bone height was categorized according to the criteria defined by the Prosthodontic Diagnostic Index (PDI). 29 Measurements were made on panoramic radiographs at the portion of mandible of the lowest vertical height and classified as: Type I (bone height ࣙ 21 mm), Type II (bone height 16 to 20 mm), Type III (bone height 11 to 15 mm), and Type IV (bone height ࣘ 10 mm). According to the PDI, mandibular bone ridges with heights <15 mm (Type III and IV) were associated with reduced denture stability and retention and therefore might be considered as severely resorbed.
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Data collection from previous dental records
In addition to radiographic mandibular bone height quantification, the factors in this study related to patients or dentures were gender (male or female), age (aged under 60 years or 60 years and older), previous experience with CDs (maxillary and mandibular dentures, only maxillary denture, or without dentures) and were obtained from previous dental records.
Fabrication of new CDs
Participants received one set of new CDs fabricated according to conventional or simplified methods, as described below. The clinical sequence for the conventional method was performed in accordance with a standard protocol, comprising the following steps (six clinical sessions):
1. Preliminary impressions using aluminum stock trays and irreversible hydrocolloid (Jeltrate; Dentsply Ind. e Com. Ltda., Petrópolis, Brazil). Stock trays were previously individualized by placing utility wax trips (Wilson; Polidental Industría e Comércio Ltda., Cotia, Brazil) on their borders, and then shaped by tongue movements and manipulation of labial and buccal soft tissues. 2. Definitive impressions using custom acrylic resin trays, border-molded impression with compound (Impression Compound, Kerr Corp., Orange, CA), followed by elastomeric impression (Impregum Soft; 3M Deutschland, Seefeld, Germany) according to selective pressure technique. 3. Occlusal plane orientation and maxillomandibular relationships using record bases. The position of the maxillary rims was transferred to a semi-adjustable articulator using a facebow. Dentures received anatomic teeth with cuspal inclinations of 33 o (Trilux; Vipi, Pirassununga, Brazil) set according to canine guidance articulation. This occlusal scheme was chosen since previous studies have shown similar clinical results of canine guidance when compared to balanced bilateral occlusion, especially related to masticatory performance, oral health-related quality of life, and patient satisfaction. 30, 31 In addition, canine guidance has been shown to be an easier technique requiring a shorter execution time. 30, 31 4. Denture try-in after anterior teeth arrangement. 5. Denture try-in after posterior teeth arrangement. A methacrylate-based resin (Lucitone 550; Dentsply Ind. e Com. Ltda) was used, mixed, and packed according to the manufacturer's instructions and polymerized in an automatic polymerization water tank (Solab Equipamentos para Laboratórios Ltd, Piracicaba, Brazil). The temperature and time used were 73°C for 90 minutes, followed by 30 minutes at 100°C, as per the manufacturer's instructions. Afterwards, the polymerized CDs were remounted in semi-adjustable articulators for occlusal adjustment. 6. Patients received their dentures at the sixth appointment, immediately after adjustments and instructions regarding hygiene and maintenance. They attended at least three postinsertion appointments at the 1st, 7th, and 14th days following denture delivery and received base or occlusal adjustments when needed. Further appointments were scheduled as necessary until the participant presented no discomfort or signs of mucosal trauma. 32 To fabricate CDs with the simplified method, a modification of the clinical sequence described by Regis et al (2013) was used (4 clinical sessions). 33 According to this clinical protocol, the definitive impression, facebow transfer, and try-in of anterior teeth in a separate session could be omitted without compromising the quality of the treatment. The clinical sequence comprised the following steps (4 clinical sessions):
1. Definitive impressions using aluminum stock trays and irreversible hydrocolloid as described for the conventional method. Definitive casts were obtained from such impressions, and record bases fabricated according to anatomic landmarks. 2. Occlusal plane orientation and maxillomandibular relationships using record bases. Camper's table was used for a standard mounting (15°) of the maxillary cast in the articulator. Dentures received anatomic teeth with cuspal inclinations of 33°set according to a canine guidance articulation. 3. Single denture try-in after anterior and posterior teeth arrangements. CDs were polymerized in water baths similar to the conventional method. Similarly, the polymerized CDs were re-mounted in semi-adjustable articulators for occlusal adjustment. 4. Delivery of CDs as described for conventional method.
For both methods, denture bases and occlusion were adjusted during a period of approximately 3 to 4 weeks after CD delivery. 30, 34 Masticatory performance was assessed 4 weeks after the last clinical session for prosthesis adjustment and control, corresponding to approximately 8 weeks after CD placement.
Masticatory performance assessment
Masticatory performance was assessed by using the sieve method. [35] [36] [37] Participants were invited to chew five almonds deliberately for 20 chewing strokes. A single calibrated operator counted the cycles and collected the comminuted particles in a container. [35] [36] [37] [38] [39] Afterwards, each participant received 50 ml of water to rinse the mouth and remove remaining particles, which were also collected in a container. The contents were then poured into a sieve (sieve 1-7 cm, dim. 175 × 78 × 40 mm) adapted on a paper filter to separate liquid and chewed material. Water (500 mL) was poured over the sieves to eliminate saliva present in almonds and reduce particle clumping. [35] [36] [37] [38] [39] The crushed almonds were dehydrated in an electric oven (Fanem, Guarulhos, Brazil) at 130°C for 40 minutes. 3, 30 The content was subjected to a four-sieve series, under constant vibration for 60 seconds on a gypsum vibrator. The sieves used (Granutest; Telastem, Bom Retiro, Brazil) had different hole sizes: 4.0 mm (ABNT 5), 2.8 mm (ABNT 7), 2.0 mm (ABNT 10), and 1.0 mm (ABNT 18). The crushed almonds after dehydration were weighed on a precision balance (Ind. e Com. Eletrônica Gehaka Ltda., São Paulo, Brazil), and the values were recorded. The masticatory performance was calculated as the weight of the comminuted material that passed through the 2.8 mm sieve. From these values, masticatory performance was calculated based on an index proposed by Kapur and Soman. the value corresponding to the total material weight subjected to sieving.
This evaluation was performed by one researcher blinded to all procedures of this study to avoid possible bias.
Sample size calculation
Sample size was calculated considering a previous pilot study when a sample of seven participants per group underwent the proposed protocol. The values of masticatory efficiency of patients treated with CDs fabricated by SM or CM as the primary factor was considered. The minimum significant difference considered for this variable was 5% and a standard deviation of 4.3. Considering a power of analysis of 80% and α = 0.05, a total of 13 individuals was determined as necessary for each group.
Statistical analysis
Data on masticatory performance were separately assessed using the t-test for independent samples to make comparisons between the two groups for CD fabrication. As there was no significant influence of the method for CD fabrication on masticatory performance (p = 0.92), the two groups (SM, CM) were pooled together, and a multiple linear regression analysis was performed to evaluate the influence of age, gender, and previous experience with CDs and mandibular bone height on masticatory performance. SPSS Statistics 23 software (IBM, Armonk, NY) was used for data analysis with a significance level of 5%.
Results
Thirty-eight subjects were evaluated to participate in this study according to the inclusion and exclusion criteria. After a followup period of 4 weeks, 29 patients completed the research (12 women, 17 men; average age of 67.1 ± 6.6 years, range: 55-82 years). Figure 1 shows that there was no significant influence (p = 0.92) of the method for CD fabrication on masticatory performance of CD wearers. Table 1 describes the means and standard deviation for masticatory performance of edentulous patients treated with CDs, according to age, gender, previous experience with prostheses, and mandibular bone height. After a multivariate linear regression analysis (Table 2) , it was shown that among the risk factors evaluated, only gender was significantly associated (p = 0.04) with masticatory performance of CD wearers. Female patients (6.74%) presented lower masticatory performance than male patients (15.59%).
Considering that only gender was significant for masticatory performance, the sample was subdivided according to this factor, and another multiple linear regression analysis was performed to better understand the difference between genders according to age, mandibular bone height, and previous use of CDs. Table 3 presents data from the multivariate linear regression analysis of the different risk factors associated with masticatory performance for female gender. In female gender, age, radiographic mandibular bone height, and previous use of prostheses were not associated (p > 0.05) with masticatory performance of CD wearers. In addition, it is noteworthy for this gender that reduced radiographic mandibular bone height was equivalent to a reduction of 8.59% in masticatory performance, although not statistically significant (p = 0.14). Table 4 presents the data of the multivariate linear regression analysis of the different risk factors associated with masticatory performance for male gender. Similar to female gender, none of the risk factors evaluated were associated (p > 0.05) with masticatory performance. Notwithstanding, for male gender, the lack of previous experience with CDs resulted in a reduction of 9.74% in masticatory performance, although not statistically significant. (p = 0.11).
Discussion
Masticatory performance of edentulous patients treated with conventional CDs or implant-supported prostheses has been extensively investigated. 26, 40 However, little information is available about the factors that might influence masticatory performance of these individuals. Considering the importance of mastication in nutritional status and consequently in general health, this study evaluated potential risk factors associated with patient or dentures, such as gender, age, radiographic mandibular bone height and previous use of CDs on masticatory performance of edentulous patients treated with CDs fabricated by conventional or simplified methods.
The influence of the method for CD fabrication on masticatory performance was evaluated separately, and no differences between methods was found (p = 0.92). Cunha et al evaluated masticatory performance of 39 patients treated with CDs fabricated by conventional or simplified methods and after a 3-month period, neither did the authors find any influence of the method for CD fabrication had no influence on masticatory function. 26 Therefore, the simplified method for CD fabrication may be used as an alternative in public health, since it reduced the total cost and the treatment time without affecting masticatory performance. As there was no influence of the method for CD fabrication on masticatory performance, the participants of both groups (SM or CM) were pooled together in one group. Then, the effects of age, gender, previous use of CDs, and radiographic mandibular bone height on masticatory performance were evaluated in this population by means of a multivariate model.
Among the risk factors evaluated, only gender (p = 0.04) affected masticatory performance of edentulous patients treated with CDs, regardless of the CD fabrication method. Demers et al used a similar methodology to evaluate the masticatory performance of 209 edentulous women and 158 edentulous men and showed that of 174 individuals with low masticatory performance, most were women (51.7%). 35 The improved masticatory performance in men may be attributed to the greater muscular strength in this gender, which seemed to be directly related to the capacity for breaking food down in small particles, 41 especially among those who used old dentures previous to the new prosthetic treatment. Considering only female patients, the reduced radiographic mandibular bone height was equivalent to a reduction of 8.59% in masticatory performance, although not statistically significant. The occurrence of osteoporosis in postmenopausal women has been associated with poor bone quality 42 and might be associated with the reduced mandibular bone height found in females in this study. Considering the reduced masticatory performance noted in females, this population should receive nutritional guidance combined with prosthetic treatment in order to improve their nutritional status and, consequently, overall health.
Mandibular bone resorption resulting from edentulism was evaluated in this study by measuring radiographic mandibular bone height. The PDI was selected to classify the characteristics of the mandible based on bone height, since it was the easiest method to use and the most clearly identified on almost all of the panoramic radiographs. 29 However, PDI was based only on radiographic mandibular bone height, and it was not clear about the level of mandibular bone resorption found clinically. 29 Considering only radiographic mandibular bone height, this factor did not affect (p = 0.37) masticatory performance of edentulous patients treated with CDs. Future studies evaluating the clinical mandibular bone height are necessary to clarify the role of alveolar bone resorption level on masticatory performance of CD wearers. In general, severely resorbed alveolar ridges provided reduced support for CDs, resulting in poor retention and stability of mandibular dentures, which seemed to impair masticatory capacity and patient satisfaction with treatment. 43 Nevertheless, among the 29 patients included in this study, only three had bone ridges classified as severely resorbed (Type III of ACP classification).
The small number of patients with severely resorbed alveolar ridges might have contributed to the low correlation of alveolar bone resorption level and masticatory performance. However, Pan et al, with a large sample, evaluated the relation of alveolar bone resorption level with masticatory performance using subjective or objective methods and also obtained similar results demonstrating that this variable was not associated with masticatory capacity of edentulous patients rehabilitated with CDs. 44 It should be pointed out that in Pan et al's study, of a total of 214 edentulous patients evaluated, 82.35% belonged to categories III and IV of the ACP PDI, 29 where radiographic mandibular bone height is lower than 15 mm. Patient functional adaptation with CDs seems to be superior to the level of bone resorption for an improved masticatory performance. 44, 45 Therefore, it was hypothesized that patient functional adaptation associated with the previous experience with CDs would result in improved masticatory performance. 25 However, the previous experience with CDs did not affect (p = 0.15) the masticatory performance of edentulous patients treated with new dentures. It seems that the placement of a new CD, although minor changes have been made in comparison to the previous one, will require a minimum period of time for patient functional adaptation. 46 In this case, the oral musculature will have to establish new memory patterns. This period may vary according to the muscular ability and capacity. 47 According to Lundquist et al, after a period of 2 months, oral muscles establish new memory patterns, and consequently patients are able to chew properly with the new dentures. 48 Thus, in this study, patients were evaluated 4 weeks after the last clinical session for post-insertion adjustments in order to promote a functional adaptation of oral muscles to new prostheses, resulting in an evaluation period of approximately 2 months after prosthesis placement. Longer periods of evaluation might result in greater functional adaptation and consequently improvement in masticatory performance. 49 One limitation of this study was the small sample size. To achieve a statistical power of 80%, this study was completed with 29 participants. Future studies with a larger sample size and consequently greater statistical power are necessary to increase the generalizability of results. Another limitation of this research is that only one follow-up measurement was considered (4 weeks after the last clinical session for post-insertion adjustments). Thus, longer periods of evaluation and larger samples are necessary to confirm the role of the risk factors evaluated on masticatory performance. In addition, factors associated with aging, such as neuromuscular coordination, loss of muscle tone, and salivary flow reduction, should be considered in future studies.
Conclusions
Within the limitations of this study, it was concluded that:
1. Gender might be considered a risk factor for masticatory performance of CD wearers. 2. Female patients demonstrated reduced masticatory performance in comparison to male patients.
